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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from U.S. Provisional Patent Application 62/215,
094, filed on Sep. 7, 2015; the entire contents of which are

incorporated herein by reference.

FIELD

Embodiments described herein relate a semiconductor
device.

BACKGROUND

A lateral drain-extended metal oxide semiconductor field
ellect transistor (LDMOS) has been proposed as a power
device that 1s integrated together with an analog IC 1n one
chip. As the required breakdown voltage increases, the
clement length of the LDMOS lengthens, and the chip size
1ncreases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 5 are schematic cross-sectional views of a
semiconductor device of a first embodiment;

FIGS. 6 and 7 are schematic cross-sectional views of a
semiconductor device of a second embodiment;

FIG. 8 1s a schematic cross-sectional view of a semicon-
ductor device of a third embodiment;

FIGS. 9A to 11 are schematic cross-sectional views show-
ing a method for manufacturing the semiconductor device of
the first embodiment;

FIGS. 12A to 13B are schematic cross-sectional views
showing a method for manufacturing the semiconductor
device of the third embodiment; and

FIG. 14 1s a schematic cross-sectional view of the semi-

conductor device of the first embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor device
includes a semiconductor layer, a first conductive unit, a {irst
isulating film, a second imsulating film, a gate electrode,
and a gate msulator film. The semiconductor layer 1s pro-
vided on a substrate. The semiconductor layer includes a
first semiconductor region of a first conductivity type, a
second semiconductor region of the first conductivity type,
a third semiconductor region of a second conductivity type,
and a fourth semiconductor region of the first conductivity
type. The first semiconductor region 1s provided on the
substrate. The second semiconductor region 1s provided on
the first semiconductor region. A first conductivity-type
impurity concentration 1s lower 1n the second semiconductor
region than 1n the first semiconductor region. The third
semiconductor region 1s provided on the second semicon-
ductor region. The fourth semiconductor region 1s provided
in a surface of the third semiconductor region. The first
conductive unit 1s provided on the first semiconductor
region. The first conductive unit includes a fifth semicon-
ductor region and a metal region. The fifth semiconductor
region contacts the first semiconductor region. The metal
region 1s provided on the fifth semiconductor region. The
first msulating film extends in a thickness direction of the
semiconductor layer from a surface of the fourth semicon-
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2

ductor region to the substrate. The first insulating film 1s
adjacent to the fourth semiconductor region, the third semi-
conductor region, the second semiconductor region, and the
first semiconductor region. The second insulating film
extends 1n the thickness direction of the semiconductor layer
from the surface of the fourth semiconductor region to the
first semiconductor region. The second isulating film 1s
provided between the fourth semiconductor region and the
first conductive unit, between the third semiconductor
region and the first conductive unit, and between the second
semiconductor region and the first conductive unit. The gate
clectrode 1s placed at an opposite side of the third semicon-
ductor region. The gate insulator film 1s provided between
the third semiconductor region and the gate electrode.

Embodiments will now be described with reference to the
drawings. The same components in the drawings are marked
with the same reference numerals.

For example, the semiconductor device of the embodi-
ments has a configuration in which an analog IC and a power
device are formed on the same substrate and provided
together 1n one chip. In the embodiments recited below, a
vertical drain-extended metal oxide semiconductor field
ellect transistor (VDMOS) 1s described as an example of the
power device.

In the VDMOS, a current flows along the thickness
direction of a semiconductor layer provided on a substrate
(the vertical direction mtersecting a major surface of the
substrate) from a drain region to a source region via a drift
region and a channel.

Although the first conductivity type i1s described as an
N-type and the second conductivity type 1s described as a
P-type 1n the embodiments recited below, the embodiments
also are implementable 1n the case where the first conduc-
tivity type 1s the P-type and the second conductivity type 1s
the N-type.

Also, although silicon 1s illustrated 1n the embodiments
recited below as the material of the substrate, the semicon-
ductor layers, and the semiconductor regions, the material of
the substrate, the semiconductor layers, and the semicon-
ductor regions may be silicon carbide, gallium nitride,
gallium oxide, diamond, etc. A substrate may be a heavily
doped P-type silicon substrate having multiple epitaxial
layers. A semiconductor layer may include a silicon on
insulator (SOI).

Also, 1n the embodiments recited below, the impurity
concentration can be replaced and read as the carrier con-
centration. The carrier concentration can be considered to be
the eflective impurity concentration.

FIG. 1 1s a schematic cross-sectional view of a VDMOS
1 of a first embodiment.

A semiconductor layer 1s provided on a substrate 10 or
semiconductor region. The conductivity type of the substrate
10 1s, for example, the P-type.

For example, a gate electrode 31 having a trench gate
structure 1s provided in the semiconductor layer with a gate
insulator film 32 interposed. Also, for example, insulating
films 61 and 62 that have deep trench 1solation (DTI)
structures are provided 1n the semiconductor layer.

The semiconductor layer includes a drain region (a first
semiconductor region) 21, a driit region (a second semicon-
ductor region) 22, a body region (a third semiconductor
region) 23, a source region (a fourth semiconductor region)
24, a drain draw-out region (a fifth semiconductor region)
41, a contact region 42, substrate draw-out regions (sixth
semiconductor regions) 51 and 52, and a contact region 33.

The N-type drain region 21 1s provided on the substrate
10; and the N-type drift region 22 1s provided on the drain
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region 21. The drain region 21 and the substrate 10 have a
P-N junction. The N-type impurity concentration of the drit
region 22 1s lower than the N-type impurity concentration of
the drain region 21.

The P-type body region (or base region) 23 1s provided on
the drift region 22. The N-type source region 24 1s provided
in the front surface of the body region 23. The N-type
impurity concentration of the source region 24 1s higher than
the N-type impurity concentration of the drift region 22.

The trench-gate type gate electrode 31 1s provided from
the front surface of the semiconductor layer to a depth that
reaches the drift region 22. The side surface of the gate
clectrode 31 opposes, with the gate msulator film 32 inter-
posed, the source region 24 and the body region 23.

The gate insulator film 32 1s provided between the source
region 24 and the gate electrode 31 and between the body
region 23 and the gate electrode 31. Also, the gate insulator
film 32 1s provided between the driit region 22 and the
bottom of the gate electrode 31.

The drain draw-out region 41 1s provided on the drain
region 21 in contact with the drain region 21. In the VDMOS
1 shown i FIG. 1, the drain draw-out region 41 1s the
N-type. A metal region 43 1s provided on the drain draw-out
region 41 with the N-type contact region 42 iterposed. The
N-type impurity concentration of the contact region 42 1s
higher than the N-type impurity concentration of the drain
draw-out region 41. The drain draw-out region 41 has an
ohmic contact with the metal region 43 via the contact
region 42.

The drain draw-out region 41, the contact region 42, and
the metal region 43 function as a conductive unit for drain
draw-out to connect the drain region 21 to a drain terminal
D.

The insulating film 62 1s provided between the source
region 24 and the conductive unit for drain draw-out,
between the body region 23 and the conductive unit for drain
draw-out, and between the drift region 22 and the conductive
unit for drain draw-out.

The msulating film 62 extends in the thickness direction
of the semiconductor layer from the front surface of the
semiconductor layer and reaches the drain region 21. The
insulating film 62 does not reach the substrate 10 under the
drain region 21.

The msulating film 62 extends 1nto the page surface and
separates the source region 24 from the conductive unit for
drain draw-out, the body region 23 from the conductive unit
for drain draw-out, and the drift region 22 from the con-
ductive unit for drain draw-out.

The source region 24, the body region 23, and the drift
region 22 are adjacent to one side surface of the nsulating
film 62.

The metal region 43, the contact region 42, and the drain
draw-out region 41 of the conductive unit for drain draw-out
are adjacent to another side surface of the insulating film 62.

The width of the mnsulating film 62 1s narrower than the
width of the metal region 43.

The substrate draw-out region 51 that 1s of the same
P-type as the substrate 10 1s provided 1n the same layer as the
drain region 21 on the substrate 10. The P-type substrate
draw-out region 52 1s provided on the substrate draw-out
region 51; and a metal region 54 1s provided on the substrate
draw-out region 52 with the P-type contact region 53
interposed. The P-type impurity concentrations of the sub-
strate draw-out region 51 and the contact region 33 are
higher than the P-type impurity concentration of the sub-
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strate draw-out region 52. The substrate draw-out regions 51
and 52 have ohmic contacts with the metal region 54 via the
contact region 33.

The substrate draw-out regions 51 and 52, the contact
region 53, and the metal region 34 function as a conductive
unit for substrate draw-out to connect the substrate 10 to a
substrate terminal Sub.

The msulating film 61 1s provided between the source
region 24 and the conductive unit for substrate draw-out,
between the body region 23 and the conductive unit for
substrate draw-out, between the drift region 22 and the
conductive unit for substrate draw-out, and between the
drain region 21 and the conductive unit for substrate draw-
out. The msulating film 61 extends in the thickness direction
of the semiconductor layer from the front surface of the
semiconductor layer and reaches the substrate 10.

The nsulating film 61 includes a first portion 61a that
extends 1n the thickness direction of the semiconductor layer
from the lower surface of the metal region 54 and reaches
the substrate 10, and a second portion 615 that 1s provided
at the side surface of the metal region 54.

The first portion 61a extends into the page surface and
separates the contact region 33 from the drift region 22, the
substrate draw-out region 52 from the drift region 22, and
the substrate draw-out region 351 from the drain region 21.

The second portion 615 of the insulating film 61 extends
into the page surface and separates the metal region 34 from
the source region 24, the metal region 534 from the body
region 23, and the metal region 54 from the driit region 22.

The width of the first portion 61a 1s wider than the width
of the second portion 615. The width of the metal region 54
1s wider than the width of the first portion 61a.

The msulating film 61 1s an element separation film that
separates the VDMOS 1 from other elements (including
other VDMOSs). The VDMOS 1 1s provided in a region
separated by multiple insulating films 61 or in a region
surrounded with the mnsulating film 61.

For example, the VDMOS 1 i1s separated from the other
clements 1 a direction along the major surface of the
substrate 10 by the multiple imnsulating films 61 extending in
stripe configurations. Or, the insulating film 61 1s formed
continuously 1n a ring-shaped planar pattern that surrounds
the region where the VDMOS 1 1s formed.

The msulating film 62 1s provided inside the element and
separates the drain side and the source side. The insulating
f1lm 62 and the first portion 61a of the insulating film 61 are
formed 1n the same process and have substantially the same
width and same length. Here, the “length” refers to the
length or depth 1n the thickness direction of the semicon-
ductor layer.

The first portion 61a and the second portion 615 of the
insulating film 61 and the insulating film 62 are, for
example, silicon oxide films.

The metal region 43 for drain draw-out and the metal
region 54 for substrate draw-out are formed in the same
process and have substantially the same width and same
length. Here, the “length” refers to the length or depth 1n the
thickness direction of the semiconductor layer.

The metal regions 43 and 54 have structures 1 which
metals (including metal nitrides) are filled, with barrier
metals mterposed, mto trenches made 1n the front surface of
the semiconductor layer. For example, aluminum, copper,
tungsten, tantalum, tantalum nitride, titanium, and titantum
nitride are examples of the metal that 1s included in the metal
regions 43 and 54. Also, for example, titanium nitride and
tantalum nitride are examples of the barrier metals.
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An msulating layer 71 1s provided on the front surface of
the semiconductor layer; and contacts that are described
below for electrically connecting the components described
above to an external circuit are provided to pierce the
insulating layer 71. The contacts are formed of a metal
material.

A source contact 92 1s provided on the source region 24.
The source region 24 has an ohmic contact with the source
contact 92 directly or via a metal silicide. The source contact
92 1s connected to a source terminal S via a not-shown
source electrode and/or source interconnect.

A gate contact 93 1s provided on the gate electrode 31. The
gate electrode 31 has an ohmic contact with the gate contact
93 directly or via a metal silicide. The gate contact 93 1s
connected to a gate terminal G via a not-shown gate inter-
connect.

A drain contact 91 1s provided on the metal region 43 for
drain draw-out 1n contact with the metal region 43. The drain
contact 91 1s connected to the drain terminal D via a
not-shown drain electrode and/or drain interconnect.

A substrate contact 94 1s provided on the metal region 54
for substrate draw-out 1n contact with the metal region 54.
The substrate contact 94 1s connected to the substrate
terminal Sub via a not-shown interconnect.

A drain potential 1s applied to the drain region 21 from the
drain terminal D via the drain contact 91, the metal region
43, the contact region 42, and the drain draw-out region 41.
A source potential 1s applied from the source terminal S via
the source contact 92. A gate potential 1s applied from the
gate terminal G via the gate contact 93.

In the ON operation of the VDMOS 1, a drain potential
(c.g., a positive potential) that 1s higher than the source
potential 1s applied to the drain region 21; and a source
potential (e.g., a ground potential) that 1s lower than the
drain potential 1s applied to the source region 24. Then,
when a positive gate potential 1s applied to the gate electrode
31, a channel (an inversion layer) 1s formed 1n the region of
the body region 23 opposing the gate electrode 31 with the
gate isulator film 32 interposed; and a current tlows from
the drain terminal D to the source terminal S via the drain
region 21, the drift region 22, the channel, and the source
region 24.

The dnit region 22 that has an N-type impurity concen-
tration that 1s lower than that of the drain region 21 bears the
breakdown voltage of the VDMOS 1. In other words, a
depletion layer extends from the P-N junction between the
body region 23 and the dnit region 22 when OFF, that 1s,
when, for example, the ground potential 1s applied to the
gate electrode 31.

For example, the ground potential 1s applied to the sub-
strate 10 from the substrate terminal Sub via the substrate
contact 94, the metal region 54, the contact region 53, and
the substrate draw-out regions 52 and 51. Accordingly, a
reverse bias 1s applied to the P-N junction between the
substrate 10 and the drain region 21; the VDMOS 1 1s
clectrically 1solated from the substrate 10; and a current does
not tlow via the substrate 10 between the VDMOS 1 and the
other elements.

In a vertical MOS, the source region and the drain region
have a stacked arrangement with a body region interposed in
the thickness direction (the vertical direction) of the semi-
conductor layer. Also, i the VDMOS that 1s provided
together with other elements such as an analog IC, etc., on
the substrate 10, the drain electrode cannot be formed on the
backside of the substrate 10. Therefore, a structure for
drawing out the drain region 21 above the front surface of
the semiconductor layer 1s necessary.
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According to the embodiment, the conductive unit that
includes the semiconductor regions 41 and 42 and the metal
region 43 for drain draw-out 1s provided inside the element
region on the inner side of the msulating film 61 for element
separation. The source region 24 and the conductive unit for
drain draw-out are adjacent to each other with the msulating
film 62 having a D11 structure interposed. Accordingly, the
increase of the horizontal-direction size of the DMOS ele-
ment 1s suppressed; and it 1s possible to reduce the size of the
entire chip. The isulation between the drain side and the
source side above the drain region 21 is performed by the
insulating film 62.

Although the msulating film 61 for element separation
reaches the substrate 10 through the drain region 21, the
inner-element sulating film 62 for source-drain separation
does not divide the drain region 21. Accordingly, the current
path via the drain region 21 between the drift region 22 and
the conductive unit for drain draw-out 1s not divided.

FIG. 2 1s a schematic cross-sectional view of a VDMOS
2 which 1s another specific example of the semiconductor
device of the first embodiment.

The VDMOS 2 1s formed on the same substrate 10 with
the VDMOS 1 shown 1n FIG. 1; and the VDMOS 1 (the first
clement) and the VDMOS 2 (the second element) are
provided together 1n one chip.

Semiconductor regions 48 and 44 under the metal region
43 of the conductive unit for drain draw-out of the VDMOS
2 1s of the P-type which 1s the reverse conductivity type of
that of the VDMOS 1 shown 1n FIG. 1. The other compo-
nents of the VDMOS 2 are the same as those of the VDMOS
1; and a description thereof 1s omitted.

In other words, the P-type drain draw-out region 44 1s
provided on the drain region 21 in contact with the drain
region 21. The metal region 43 1s provided on the drain
draw-out region 44 with the P-type contact region 48
interposed. The P-type impurity concentration of the contact
region 48 1s higher than the P-type impurity concentration of
the drain draw-out region 44. The drain draw-out region 44
has an ohmic contact with the metal region 43 via the contact
region 48.

The drain draw-out region 44, the contact region 48, and
the metal region 43 function as a conductive unit connecting
the drain region 21 to the drain contact 91. In other words,
a potential 1s applied to the drain region 21 from the drain
terminal D via the drain contact 91 and the conductive umt
for drain draw-out (the drain draw-out region 44, the contact
region 48, and the metal region 43).

The VDMOS 2 shown in FIG. 2 has a negative input
breakdown voltage when a negative potential 1s input to the
drain terminal D 1n, for example, the OFF state in which the
ground potential 1s applied to the gate electrode 31. The
negative potential that 1s mput to the drain terminal D 1s
applied to the P-type drain draw-out region 44 via the drain
contact 91, the metal region 43, and the contact region 48.

Because the substrate 10, the source region 24, and the
gate electrode 31 are set to the ground potential, the drain
region 21 that 1s surrounded with the substrate 10, the source
region 24, and the gate electrode 31 also 1s set to the ground
potential.

Accordingly, the negative mput breakdown voltage 1is
ensured by a reverse bias being applied to the P-N junction
between the drain draw-out region 44 and the drain region
21 and by a depletion layer extending from the P-N junction.

The VDMOS 1 shown 1n FIG. 1 and the VDMOS 2 shown
in FIG. 2 are formed in the same process on the same
substrate 10 and can be provided together in one chip. By
selecting the mmpurity implanted into the semiconductor
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region of the drain draw-out conductive unit contacting the
drain region 21, the VDMOS 1 that includes the N-type
drain draw-out region 41 and the VDMOS 2 that includes
the P-type drain draw-out region 44 can easily be made
individually.

In other words, according to the first embodiment, by
using the impurity-doped semiconductor region as the por-
tion of the conductive unit for drain draw-out on the side
contacting the drain region 21 instead of making the entire

conductive unit for drain draw-out as a metal region, the
VDMOS 1 that 1s normal and the VDMOS 2 that has the

negative mput breakdown voltage can be integrated together
casily 1n one chip.

FIG. 3 1s a schematic cross-sectional view of a VDMOS
3 which 1s yet another specific example of the semiconduc-

tor device of the first embodiment.
The VDMOS 3 of FIG. 3 has not a trench gate structure

but a planar gate structure provided on the front surface of

the semiconductor layer.

The body region 23 i1s formed 1n the front surface of the
drift region 22; and the source region 24 1s formed in the
front surface of the body region 23. The body region 23
includes a region interposed between the source region 24
and the drift region 22 1n the horizontal direction. The gate
electrode 31 1s provided on the region with a gate insulator
film 33 interposed. The other components are the same as
those of the VDMOS 1 of FIG. 1.

Also, 1n the VDMOS 3 having the planar gate structure of
FIG. 3, the N-type drain draw-out region 41 can be replaced
with the P-type drain draw-out region 44 shown in FIG. 2 to
provide a VDMOS having a negative mput breakdown
voltage. The VDMOS that has the negative imput breakdown
voltage and the VDMOS 3 of FIG. 3 can be formed on the
same substrate 10 and can be provided together 1n one chip.

FIG. 4 1s a schematic cross-sectional view ol a VDMOS
4 of yet another specific example of the semiconductor
device of the first embodiment.

The VDMOS 4 includes a field plate electrode 34 filled
into the nsulating film 62 that separates the source side and
the drain side 1nside the element. The other components are
the same as those of the VDMOS 1 shown 1n FIG. 1.

The field plate electrode 34 extends in the thickness
direction of the semiconductor layer through the insulating
film 62 from the upper surface of the insulating film 62. For
example, the field plate electrode 34 extends into the page
surtace similarly to the source region 24, the body region 23,
the drift region 22, and the msulating film 62.

A portion of the insulating film 62 is provided between the
ficld plate electrode 34 and the source region 24, between
the field plate electrode 34 and the body region 23, and
between the field plate electrode 34 and the drift region 22.

A portion of the insulating film 62 1s provided between the
field plate electrode 34 and the metal region 43 for drain
draw-out.

For example, the field plate electrode 34 1s formed of the
same material as the gate electrode 31. The field plate
clectrode 34 includes, for example, polycrystalline silicon.

The field plate electrode 34 1s shorted to the gate terminal
G or the source terminal S. Accordingly, when OFF, for
example, the ground potential 1s applied to the field plate
clectrode 34. Because the field plate electrode 34 opposes,
with a portion of the insulating film 62 interposed, the P-N
junction between the body region 23 and the drift region 22,
the electric field that 1s applied to the P-N junction between
the body region 23 and the drift region 22 when OFF 1s
relaxed; and the breakdown voltage can be increased.
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The field plate electrode 34 may be provided inside the
insulating film 62 in the VDMOSs 1 to 3 shown in FIG. 1

to FIG. 3 as well.

FIG. 5 1s a schematic cross-sectional view of a VDMOS
5 of yet another specific example of the semiconductor
device of the first embodiment.

The VDMOS 5 includes an insulating film 63 as a
component corresponding to the imsulating film 61 of the
VDMOS 1 shown 1n FIG. 1 and includes an 1nsulating film

64 as a component corresponding to the msulating film 62 of
the VDMOS 1 shown 1n FIG. 1.

The msulating film 63 extends in the thickness direction
of the semiconductor layer and extends 1nto the page surface
from the front surface of the semiconductor layer to reach
the substrate 10.

The regions 51 to 33 of the conductive unit for substrate
draw-out are adjacent to one side surface of the insulating
film 63.

The source region 24, the body region 23, the drift region
22, and the drain region 21 are adjacent to another side
surface of the msulating film 63.

The VDMOS 5 1s provided in a region separated by
multiple insulating films 63 or 1n a region surrounded with
the msulating film 63 formed continuously 1n a ring-shaped
planar pattern.

The P-type substrate draw-out region 51 is provided on
the substrate 10 1n a region on the outer side of the mnsulating
film 63; the P-type substrate draw-out region 52 1s provided
on the substrate draw-out region 51; and the P-type contact
region 53 1s provided on the substrate draw-out region 52.
The contact region 53 contacts the substrate contact 94
directly or via a metal silicide. The P-type impurity concen-
trations of the substrate draw-out region 51 and the contact
region 53 are higher than the P-type impurity concentration
of the substrate draw-out region 52.

The sulating film 64 1s provided inside the element and
separates the source side and the drain side above the drain
region 21.

The msulating film 64 extends in the thickness direction
of the semiconductor layer and extends 1nto the page surface
from the front surface of the semiconductor layer to reach
the drain region 21. The msulating film 64 does not reach the
substrate 10; and the drain region 21 1s not divided.

The insulating film 64 1s provided between the source
region 24 and the conductive unit for drain draw-out includ-
ing the contact region 42 and the drain draw-out region 41,
between the body region 23 and the conductive unit for drain
draw-out, and between the drift region 22 and the conductive
unit for drain draw-out.

As described below, the msulating film 63 and the 1nsu-
lating film 64 have D11 structures in which 1nsulating films
(e.g., silicon oxide films) are filled mto trenches made 1n the

1

semiconductor layer simultaneously by RIE.

The width of the insulating film 63 1s wider than the width
of the msulating film 64. The length of the msulating film 63
1s longer than the length of the msulating film 64. Here, the
length refers to the length in the thickness direction of the
semiconductor layer.

In the VDMOS § of FIG. § as well, similarly to the
VDMOS 1 shown 1n FIG. 1, the reduction of the element
s1ze 1s realized by providing the conductive unit for drain
draw-out to be adjacent, with the insulating film 64 inter-
posed, to the source region 24, the body region 23, and the
drift region 22.
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For example, the drain region 21 of the VDMOS 5 of FIG.
5 1s connected to the drain contact 91 via the N-type
semiconductor regions (the drain draw-out region 41 and the
contact region 42).

The drain draw-out region 41 1s provided on the drain
region 21 1n contact with the drain region 21. The N-type
impurity concentration ol the contact region 42 i1s higher
than the N-type impurity concentration of the drain draw-out
region 41. The contact region 42 1s connected to the drain

contact 91 directly or via a metal silicide.

Or, the conductive unit for drain draw-out of the VDMOS
5 of FIG. 53 may include the metal region 43 as in the
VDMOS 1 of FIG. 1. In the case of such a structure, a
negative mput breakdown voltage can be provided by
replacing the N-type drain draw-out region 41 with the

P-type drain draw-out region 44 as 1n the VDMOS 2 shown
in FIG. 2. Also, the VDMOS 5 that 1s normal and the

VDMOS that has the negative mnput breakdown voltage can
be integrated together easily in one chip by using an impu-
rity-doped semiconductor region instead of a metal region as
the portion of the conductive unit for drain draw-out on the
side contacting the drain region 21.

Also, the VDMOS 5 shown in FIG. 5 can have a planar
gate structure as in the VDMOS 3 shown 1n FIG. 3.

Also, the VDMOS 5 shown 1n FIG. 5 can include the field
plate electrode 34 provided inside the insulating film 64 as
in the VDMOS 4 shown 1n FIG. 4.

FIG. 6 1s a schematic cross-sectional view of a VDMOS
6 ol a semiconductor device of a second embodiment.

In the VDMOSs of FIG. 1 to FIG. 5, an N™-type semi-
conductor region that 1s provided on the substrate 10 1n
contact with the substrate 10 functions as the drain region
21.

In the VDMOS 6 of FIG. 6 as well, the N™-type semi-
conductor region 21 1s provided on the substrate 10 1n
contact with the substrate 10. Further, in the VDMOS 6, an
N™-type drain region 26 is provided above the N™-type
semiconductor region 21.

The drain region 26 1s provided inside the drift region 22
to be separated from the N*-type semiconductor region 21.
The N-type impurity concentration of the drain region 26 1s
higher than the N-type impurity concentration of the drit
region 22.

In the VDMOS 6 of FIG. 6, the msulating film 63 for
clement separation similar to that of the VDMOS 5 shown
in FIG. 5 described above 1s provided.

In a region on the iner side of the mnsulating film 63, the
drift region 22 1s divided above and below by the drain
region 26. Of the upper and lower driit regions 22, the dnit
region 22 that i1s above the drain region 26 1s used as a
current path between the drain and source when ON.

The body region 23 1s provided on the drift region 22; and
the source region 24 1s provided in the front surface of the
body region 23.

A conductive unit 43 for drain draw-out 1s provided on the
drain region 26; and the conductive unit 45 for drain
draw-out contacts the drain contact 91.

The conductive umit 45 for drain draw-out 1s a metal
region, 1s an impurity-doped semiconductor region, or has a
stacked structure of a metal region and an 1mpurity-doped
semiconductor region.

In the VDMOS 6 of FIG. 6, the conductive unit 45 for
drain draw-out 1s separated from the source side by an
insulating film 65.

The msulating film 65 extends in the thickness direction
of the semiconductor layer and extends into the page surface
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from the front surface of the semiconductor layer to reach
the drain region 26. The msulating film 65 does not divide
the drain region 26.

The msulating film 65 1s provided between the source
region 24 and the conductive unit 45 for drain draw-out,
between the body region 23 and the conductive unit 45 for
drain draw-out, and between the drnit region 22 and the
conductive unit 45 for drain draw-out.

In the VDMOS 6 of FIG. 6 as well, the reduction of the
clement size 1s realized by providing the conductive unit 45
for drain draw-out similarly to the embodiment recited
above to be adjacent, with the insulating film 65 interposed,
to the source region 24, the body region 23, and the drift
region 22.

Also, the VDMOS 6 shown 1n FIG. 6 can have a planar
gate structure as in the VDMOS 3 shown in FIG. 3.

Also, the VDMOS 6 shown in FIG. 6 can include the field
plate electrode 34 provided inside the msulating film 65 as
in the VDMOS 4 shown in FIG. 4.

When comparing for the same impurity concentration of
the drit region 22, an element that has a long driit length
(the thickness 1n the vertical direction of the driit region 22)
has a higher breakdown voltage than an element that has a
short drift length.

The drift lengths of the VDMOSs shown 1n FI1G. 1 to FIG.
5 correspond to the distance between the N™-type semicon-
ductor region 21 and the body region 23 1n the VDMOS 6
shown 1n FIG. 6.

Conversely, the drift length of the VDMOS 6 of FIG. 6 1s
the distance between the drain region 26 and the body region
23 and 1s shorter than the dnit lengths of the VDMOSs
shown 1n FIG. 1 to FIG. 5. In other words, the VDMOS 6
of FIG. 6 1s an element having a lower breakdown voltage
than the VDMOSs shown 1 FIG. 1 to FIG. 5. The ON
resistance 1s lower for an element having a short drift length
than for an element having a long dnift length. In other
words, compared to the VDMOSs shown 1n FIG. 1 to FIG.
5, the VDMOS 6 of FIG. 6 1s designed with more priority on
the reduction of the ON resistance than on the breakdown
voltage.

The low breakdown voltage VDMOS 6 of FIG. 6 1s
formed on the same substrate 10 as any of the high break-
down voltage VDMOSs shown 1n FIG. 1 to FIG. §; and the
low breakdown voltage VDMOS 6 and the high breakdown
voltage VDMOS are provided together in one chip.

The low breakdown voltage VDMOS 6 can be formed by
adding, to the structure of the high breakdown voltage
VDMOS, only the process of forming the N™-type drain
region 26 inside the drnit region 22.

For example, in the case where the high breakdown
voltage VDMOS 5 shown 1n FIG. 5 and the low breakdown
voltage VDMOS 6 shown in FIG. 6 are provided together,
the insulating film 64 of the high breakdown voltage
VDMOS 5 and the 1msulating film 65 of the low breakdown
voltage VDMOS 6 can be formed simultaneously in the
same Process.

The width of the insulating film 65 of the low breakdown
voltage VDMOS 6 1s narrower than the width of the 1nsu-
lating film 64 of the high breakdown voltage VDMOS 5. The
length of the insulating film 65 of the low breakdown
voltage VDMOS 6 i1s shorter than the length of the insulating
f1lm 64 of the high breakdown voltage VDMOS 3. Here, the
length refers to the length in the thickness direction of the
semiconductor layer.

The insulating film 64 and the insulating film 63 have D1
structures 1n which msulating films are filled 1nto trenches
made 1n the semiconductor layer.
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As described below, trenches having different depths can
be made simultaneously by making, simultaneously by RIE,
a trench having a wide width for forming the insulating film
64 and a trench having a narrow width for forming the
insulating film 65 because the etching progresses quickly for
the trench having the wide width.

FIG. 7 1s a schematic cross-sectional view of a VDMOS
7 of another specific example of the semiconductor device of
the second embodiment.

The VDMOS 7 of FIG. 7 further includes a semiconduc-
tor region 27 of the P-type, an imnsulating film 66, and a
conductive unit 47 1n the structure of the VDMOS 6 of FIG.
6.

The P-type semiconductor region 27 1s provided between
the drain region 26 and the N™ semiconductor region 21 and
contacts the drain region 26. The semiconductor region 27
and the N™ semiconductor region 21 may or may not be 1n
contact. The insulating film 66 extends in the thickness
direction of the semiconductor layer from the front surface
of the semiconductor layer to the N™ semiconductor region
21. The msulating film 66 extends into the page surface and
1s provided between the conductive unit 47 and the conduc-
tive unit 45 for drain draw-out, between the drain region 26
and the conductive unit 47, and between the P-type semi-
conductor region 27 and the conductive unit 47. The con-
ductive unit 45 for drain draw-out i1s provided between the
insulating film 65 and the 1nsulating film 66.

The width of the insulating film 66 1s wider than the width
of the msulating film 65; and the length of the insulating film
66 1s longer than the length of the mnsulating film 65. Here,
the length refers to the length 1n the thickness direction of
the semiconductor layer.

The conductive unit 47 1s, for example, an N-type semi-
conductor region and contacts the N™ semiconductor region
21. A contact 91a 1s provided on the conductive unit 47 1n
contact with the conductive unit 47.

The potential of the N™ semiconductor region 21 1s
floating or the ground potential 1s applied to the N* semi-
conductor region 21 via the contact 91a and the conductive
unit 47 when a negative potential 1s input to the drain region

26 via the contact 91 and the conductive umit 435 for drain
draw-out 1n the OFF state of the VDMOS 7 1n which, for
example, the ground potential 1s applied to the gate electrode
31.

Therefore, a depletion layer extends from the interface
between the P-type semiconductor region 27 and the dnit
region 22 or ifrom the interface between the P-type semi-
conductor region 27 and the N™ semiconductor region 21;
the drain region 26, the P-type semiconductor region 27, and
the substrate 10 are linked by the depletion layer; and the
negative mput breakdown voltage can be maintained until
punch-through.

FIG. 8 1s a schematic cross-sectional view of a VDMOS
8 of a semiconductor device of a third embodiment. The
same components as those of the embodiments described
above are marked with the same reference numerals, and a
detailed description thereof 1s omitted.

The VDMOS 8 includes an N-type second drain region (a
fifth semiconductor region) 25 provided in the front surface
of the substrate 10. The second drain region 235 contacts the
first drain region 21 or 1s provided as one body with the first
drain region 21 under the first drain region (the first semi-
conductor region) 21. The N-type impurity concentration of
the second drain region 25 1s higher than the N-type impurity
concentration of the drift region 22.
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The VDMOS 8 includes, for example, the insulating film
63 similar to that of the VDMOS 5 of FIG. 5 described
above as the isulating film for element separation.

The VDMOS 8 includes, for example, the substrate draw-
out regions 51 and 52 and the contact region 33 similar to
those of the VDMOS 5 of FIG. 5 as the conductive unit for
substrate draw-out.

The VDMOS 8 includes the N-type drain draw-out region
41 and the N-type contact region 42 as the conductive unit
for the drain draw-out. The N-type impurity concentration of
the contact region 42 1s higher than the N-type impurity
concentration of the drain draw-out region 41.

The drain draw-out region 41 1s provided on the first drain
region 21 1n contact with the first drain region 21. The drain
draw-out region 41 1s connected to the drain contact 91 via
the contact region 42.

In the VDMOS 8 as well, similarly to the embodiments
described above, the reduction of the element size 1s realized
by providing the conductive unit for drain draw-out to be
adjacent, with an insulating film 68 provided inside the
clement and interposed, to the source region (the fourth
semiconductor region) 24, the body region (the third semi-
conductor region) 23, and the drift region (the second
semiconductor region) 22.

The msulating film 68 extends in the thickness direction
of the semiconductor layer and extends into the page surface
from the front surface of the semiconductor layer to reach
the second drain region 25.

The msulating film 68 1s provided between the source
region 24 and the conductive unit for drain draw-out,
between the body region 23 and the conductive unit for drain
draw-out, and between the drift region 22 and the conductive
unit for drain draw-out.

The msulating film 68 pierces the first drain region 21 and
reaches the second drain region 235. The lower end of the
insulating film 68 does not pierce the second drain region 25.
Accordingly, the path 1n which the ON current tlows 1s
ensured under the lower end of the insulating film 68.

The insulating film 63 and the insulating film 68 have D11
structures and are filled mto trenches made simultaneously
by RIE 1n the semiconductor layer as described below.

According to the third embodiment shown in FIG. 8, the
ON current path can be ensured inside the drain region
merely by adding the impurity implantation process for
forming the second drain region 25 under the first drain
region 21. The insulating film 68 (the trench) for source-
drain separation and the insulating film 63 (the trench) for
clement separation are formed to the same depth simulta-
neously inside the element; and 1t 1s unnecessary to make
two types ol trenches having different depths by separate
processes. In other words, element size reduction 1s possible
using the mnsulating film 68 having the DI structure pro-
vided inside the element by a simple process.

Because the bottom of the second drain region 25 1s at a
position deeper than the bottom of the insulating film 63 for
clement separation, there 1s a concern that the drain-sub-
strate breakdown voltage may decrease if the second drain
region 25 contacts the nsulating film 63 or if the distance
between the second drain region 235 and the insulating film
63 1s short.

Conversely, according to the third embodiment shown 1n
FIG. 8, the side surface of the second drain region 235 does
not contact the msulating film 63 for element separation and
1s separated from the 1nsulating film 63. In other words, the
second drain region 25 1s contained inside the region on the
inner side of the insulating film 63. Therefore, the break-
down voltage (the drain-substrate breakdown voltage)
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between the second drain region 25 and the substrate draw-
out region 31 can be ensured.

The second drain region 25 1s formed so that the second
drain region 23 does not go beyond the 1mnsulating film 63 to
the outer side of the element region (the substrate draw-out
region 51 side) by considering the variation of the formation
process of the second drain region 25.

In the VDMOS 8 shown 1n FIG. 8, as in the VDMOS 1
shown 1n FIG. 1, the metal region 43 and the semiconductor
regions 41 and 42 can be used as the drain draw-out
conductive unit.

Also, 1n the VDMOS 8 shown 1n FIG. 8, the conductivity
type of the semiconductor region of the drain draw-out
conductive unit may be provided with a negative input
breakdown voltage by being of the P-type as in the VDMOS
2 shown 1n FIG. 2.

Also, the gate structure of the VDMOS 8 shown 1n FIG.
8 may have the planar gate structure as 1n the VDMOS 3
shown 1n FIG. 3.

Also, 1 the VDMOS 8 shown 1n FIG. 8, the field plate
clectrode 34 may be provided inside the insulating film 68
inside the element as 1n the VDMOS 4 shown in FIG. 4.

A method for manufacturing the VDMOS of the first
embodiment will now be described with reference to FIG.
9A to FIG. 11.

As shown 1n FIG. 9A, the N-type drain region 21 and the
P-type substrate draw-out region 51 are formed 1n the front
surface of the P-type substrate 10. For example, the drain
region 21 1s formed 1n the front surface of the substrate 10
by implanting Sb (antimony), or Sb and P (phosphorus), by
ion 1mplantation and by activating by annealing. For
example, the substrate draw-out region 51 1s formed 1n the
front surface of the substrate 10 by mmplanting B by 1on
implantation and by activating by annealing.

As shown in FIG. 9B, a semiconductor layer 81 1s
epitaxially grown on the drain region 21 and on the substrate
draw-out region 51. The thickness of the semiconductor
layer 81 1s, for example, 5 to 15 mm. The semiconductor
layer 81 may be of the P-type or of the N-type. For example,
the P-type semiconductor layer 81 1s shown 1n the drawings.
The semiconductor layer 81 may be a N-type semiconductor
layer.

As shown 1n FIG. 9C, multiple trenches T1 are made 1n
the semiconductor layer 81. For example, the multiple
trenches 11 are made simultaneously by RIE using, for
example, a not-shown hard mask. The multiple trenches T1
have substantially the same width and substantially the same
depth. The depth of the trenches 11 1s, for example, 2 to 5
um; and the trenches T1 do not reach the drain region 21 or
the substrate draw-out region 31.

Then, as shown 1n FIG. 10A, trenches T2 for element
separation and trenches T3 that separate the source side and
the drain side 1nside the element are made.

After depositing a not-shown hard mask on the front
surface of the semiconductor layer 81, the hard mask 1s
patterned; and the trenches T2 and the trenches 13 are made
simultaneously by, for example, RIE using the patterned
hard mask.

The trenches T2 and the trenches T3 have substantially
the same width and depth (the length 1n the thickness
direction of the semiconductor layer 81). The widths of the
trenches 12 and the trenches 13 are narrower than the width
of the trenches T1. The depths of the trenches 12 and the
trenches T3 are deeper than the depth of the trenches T1.

The trenches T3 are made from the upper surface of the
semiconductor layer 81 to reach the drain region 21; and the
depth of the trenches 13 i1s the same as the thickness of the
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semiconductor layer 81. The upper portions of the trenches
T3 communicate with the trenches T1.

The etching of the trenches T2 starts from the bottoms of
the trenches 11 and reaches the substrate 10 to divide the
drain region 21 and the substrate draw-out region 51.

The two trenches T2 and T3 having different bottom
positions can be made simultaneously by setting the etching
start positions of the trenches T3 to be the upper surface of
the semiconductor layer 81 and by setting the etching start
positions of the trenches T2 to be the bottom surfaces of the
trenches T1.

An 1sulating film 1s filled into the trenches 11, 12, and
T3. Subsequently, for example, dry etching of the insulating
film 1s performed by RIE using a not-shown mask.

As shown 1n FIG. 10B, the bottom surfaces of the trenches
T1 are exposed by the dry etching. The first portion 61a of
the insulating film 61 remains inside the trenches T2. The
insulating film 62 remains inside the trenches T3. The
second portion 615 of the msulating film 61 remains on the
side surfaces of the trenches 11 on the first portion 61a of
the msulating film 61.

Then, as shown in FIG. 10C, the drift region 22 and the
substrate draw-out region 52 are formed in the semiconduc-
tor layer 81; and the body region 23 1s further formed 1n the
front surtface of the drift region 22. The drift region 22 is
formed on the drain region 21; and the substrate draw-out
region 52 1s formed on the substrate draw-out region 51.

Further, the drain draw-out region 41 1s formed 1in the
regions under the trenches T1 on the drain region 21.
Although the N-type drain draw-out reglon 41 1s shown 1n
the drawings, the P-type drain draw-out region 1s formed in
the case of a device having a negative input breakdown
voltage as 1 the VDMOS 2 of FIG. 2.

The N-type drift region 22 and the N-type drain draw-out
region 41 are formed 1n the semiconductor layer 81 by, for
example, implanting P by 1on implantation and activating by
annealing.

The P-type substrate draw-out region 52 1s formed 1n the
semiconductor layer 81 by, for example, implanting B by 1on
implantation and activating by annealing. The P-type drain
draw-out region and the P-type body region 23 also are
formed by, for example, 1on 1implantation of B and anneal-
ng.

Subsequently, the other components such as the source
region 24, the gate electrode 31, the metal regions 43 and 54,
etc., shown 1n FIG. 1 are formed.

For example, after forming the gate electrode 31 on the
semiconductor layer with the gate insulator film 32 inter-
posed, the source region 24 1s formed by 1on implantation
and annealing.

The metal regions 43 and 54 are formed by filling, with
barrier metals interposed, a metal into the trenches T1.

In the case of the VDMOS 5 shown 1in FIG. 5, trenches T4
and trenches TS are made 1n the semiconductor layer 81 as
shown 1n FIG. 11.

For example, the trenches T4 and the trenches T5 are
made simultaneously by RIE using a not-shown mask.

The start positions of the etching of the trenches T4 and
the trenches T3 both are the upper surface of the semicon-
ductor layer 81; and the etching of the trenches T4 and the
trenches T5 1s started simultaneously from the same height

position. However, because the width of the trenches T4 1s
wider than the width of the trenches T35, the etching rate 1s

faster for the trenches T4 than for the trenches T5. If the
etching 1s stopped at a timing so that the trenches TS reach
the drain region 21, the trenches T4 reach a position deeper
than the trenches T5.
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In other words, the trenches TS do not pierce the drain
region 21 and do not reach the substrate 10; but the trenches
T4 divide the drain region 21 and the substrate draw-out
region 51 and reach the substrate 10.

Thus, the two trenches T4 and T5 having different depths
can be made simultaneously by providing the trench T4 and
the trench TS5 with different widths.

The isulating film 63 for element separation shown in
FIG. 5 1s filled 1nto the trenches T4. The insulating film 64
that separates the source side and the drain side inside the
clement 1s filled into the trenches T5.

By a similar process, the trench for the msulating film 64
of the high breakdown voltage VDMOS 5 shown 1n FIG. 5
and the trench for the insulating film 65 of the low break-
down voltage VDMOS 6 shown 1n FIG. 6 that 1s shallower
than the trench of the high breakdown voltage VDMOS 5
can be made simultaneously.

A method for manufacturing the VDMOS 8 of the third
embodiment shown 1n FIG. 8 will now be described with
reference to FIG. 12A to FIG. 13B.

As shown 1 FIG. 12A, the N-type first drain region 21
and the P-type substrate draw-out region 51 are formed 1n
the front surface of the P-type substrate 10. The first drain
region 21 1s formed 1n the front surface of the substrate 10
by, for example, implanting Sb, or Sb and P, by 10n implan-
tation and by activating by annealing. The substrate draw-
out region 31 1s formed 1n the front surface of the substrate
10 by, for example, implanting B by 10n implantation and by
activating by annealing.

Further, the N-type second drain region 235 i1s formed in
the substrate 10 at a position that 1s deeper than the first drain
region 21 by, for example, implanting P by 10n implantation
and by activating.

As shown 1n FIG. 12B, the semiconductor layer 81 1s
epitaxially grown on the drain region 21 and on the substrate
draw-out region 51. The thickness of the semiconductor
layer 81 1s, for example, 5 to 15 um. The semiconductor
layer 81 may be of the P-type or of the N-type. The P-type
semiconductor layer 81 i1s shown 1n the drawings.

As shown 1 FIG. 13 A, multiple trenches T6 are made 1n
the semiconductor layer 81. For example, the multiple
trenches T6 are made simultancously by RIE using a not-
shown mask. The multiple trenches 16 have substantially
the same width and substantially the same depth.

The etching of the multiple trenches 16 1s started from the
upper surface of the semiconductor layer 81 and reaches the
same depth.

The trenches T6 in the region where the second drain
region 25 1s formed pierce the semiconductor layer 81 and
the first drain region 21 and reach the second drain region
25. The trenches T6 do not pierce the second drain region 25.

The trenches T6 that are made at positions away from the
second drain region 25 reach the substrate 10 to divide the
first drain region 21 and the substrate draw-out region 51.

As shown 1n FIG. 13B, the insulating film 68 1s filled into
the trenches T6 that reach the second drain region 25. An
insulating film 67 1s filled 1nto the trenches 16 that are made
at the positions away from the second drain region 25.

Subsequently, the other components shown in FIG. 8 are
formed.

The conductivity type of the semiconductor layer 81
formed by epitaxial growth 1n FIG. 9A to FIG. 13B may be
of the P-type or of the N-type.

In the case of the P-type semiconductor layer 81, the
N-type semiconductor regions such as the drift region 22,
etc., are formed by implanting an N-type impurity into the
semiconductor layer 81.
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In the case of the N-type semiconductor layer 81, the
P-type semiconductor regions such as the substrate draw-out
region 52, etc., are formed by implanting a P-type impurity
into the semiconductor layer 81.

In the embodiments described above, the number of
VDMOS elements provided in the element region on the
inner side of the element-separating insulating film 1s an
example; and the number 1s arbitrary.

For example, FIG. 14 shows an example in which the
number of elements of the VDMOS 1 of the first embodi-
ment 1s greater than that of FIG. 1. For the other embodi-
ments as well, the number of elements 1s not limited to the
numbers shown 1n the drawings and 1s arbitrary.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a semiconductor layer provided on a substrate, the semi-
conductor layer including a first semiconductor region
of a first conductivity type, a second semiconductor
region of the first conductivity type, a third semicon-
ductor region of a second conductivity type, and a
fourth semiconductor region of the first conductivity
type, the first semiconductor region being provided on
the substrate, the second semiconductor region being
provided on the first semiconductor region, a first
conductivity-type 1mpurity concentration being lower
in the second semiconductor region than in the first
semiconductor region, the third semiconductor region
being provided on the second semiconductor region,
the fourth semiconductor region being provided 1n a
surface of the third semiconductor region;

a first conductive unit provided on the first semiconductor
region, the first conductive unit including a fifth semi-
conductor region and a metal region, the fifth semicon-
ductor region contacting the first semiconductor region,
the metal region being provided on the fifth semicon-
ductor region;

a first insulating film extending 1n a thickness direction of
the semiconductor layer from a surface of the fourth
semiconductor region to the substrate, the first insulat-
ing film being adjacent to the fourth semiconductor
region, the third semiconductor region, the second
semiconductor region, and the first semiconductor
region;

a second 1nsulating film extending 1n the thickness direc-
tion of the semiconductor layer from the surface of the
fourth semiconductor region to the first semiconductor
region, the second insulating film being provided
between the fourth semiconductor region and the first
conductive unit, between the third semiconductor
region and the first conductive unit, and between the
second semiconductor region and the first conductive
unit;

a gate electrode placed at an opposite side of the third
semiconductor region; and

a gate insulator film provided between the third semicon-
ductor region and the gate electrode.
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2. The semiconductor device according to claim 1,
wherein a first element and a second element are provided on
the same substrate, a conductivity type of the fifth semicon-
ductor region of the first conductive unit in the first element
being the first conductivity type, the conductivity type of the
fifth semiconductor region of the first conductive unit 1n the
second element being the second conductivity type.

3. The semiconductor device according to claim 1, further
comprising a second conductive unit provided on the sub-
strate,

the first msulating film being provided between the sec-

ond conductive unit and the fourth semiconductor
region, between the second conductive unit and the
third semiconductor region, between the second con-
ductive unit and the second semiconductor region, and
between the second conductive unit and the first semi-
conductor region.

4. The semiconductor device according to claim 3,
wherein the second conductive unit includes a sixth semi-
conductor region and a metal region, the sixth semiconduc-
tor region contacting the substrate, the metal region being
provided on the sixth semiconductor region.

5. The semiconductor device according to claim 4,
wherein the first insulating film 1ncludes a first portion and
a second portion, the first portion extending in the thickness
direction of the semiconductor layer under the metal region
of the second conductive unit, the second portion being
provided at a side surface of the metal region of the second
conductive unit.

6. The semiconductor device according to claim 1, further
comprising an electrode extending 1n the thickness direction
of the semiconductor layer, the electrode opposing the third
semiconductor region and the second semiconductor region
with the second insulating film interposed.

7. The semiconductor device according to claim 6,
wherein the electrode 1s shorted to the gate electrode or the
fourth semiconductor region.

8. The semiconductor device according to claim 1,
wherein

a width of the second insulating film 1s narrower than a

width of the first insulating film, and

a length of the second msulating film 1n the thickness

direction of the semiconductor layer 1s shorter than a

length of the first insulating film 1n the thickness

direction of the semiconductor layer.

9. The semiconductor device according to claim 1,
wherein the first semiconductor region, the second semicon-
ductor region, the third semiconductor region, the fourth
semiconductor region, the second insulating film, and the
first conductive unit are provided in a region surrounded
with the first mnsulating film or in a region between a
plurality of first insulating films.

10. The semiconductor device according to claim 1,
wherein the substrate 1s of the second conductivity type.

11. A semiconductor device comprising a substrate, a first
clement provided on the substrate, and a second element
provided on the substrate,

the first element 1including:

a first semiconductor layer provided on the substrate,
the first semiconductor layer including a first semi-
conductor region of a first conductivity type, a sec-
ond semiconductor region of the first conductivity
type, a third semiconductor region of a second con-
ductivity type, and a fourth semiconductor region of
the first conductivity type, the first semiconductor
region being provided on the substrate, the second
semiconductor region being provided on the first
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semiconductor region, a first conductivity-type
impurity concentration being lower in the second
semiconductor region than 1n the first semiconductor
region, the third semiconductor region being pro-
vided on the second semiconductor region, the fourth
semiconductor region being provided 1n a surface of
the third semiconductor region;

a first conductive unit provided on the first semicon-

ductor region of the first element, the first conductive
unit contacting the first semiconductor region of the
first element;

a first insulating film extending 1n a thickness direction

of the first semiconductor layer from a surface of the
fourth semiconductor region of the first element to
the first semiconductor region of the first element,
the first insulating film being provided between the
fourth semiconductor region of the first element and
the first conductive unit, between the third semicon-
ductor region of the first element and the first con-
ductive unit, and between the second semiconductor
region of the first element and the first conductive
unit;

a first gate electrode placed at an opposite side of the

third semiconductor region of the first element; and

a first gate msulator film provided between the third

semiconductor region of the first element and the
first gate electrode,

the second element including:
a second semiconductor layer provided on the sub-

strate, the second semiconductor layer including a
first semiconductor region of the first conductivity
type, a second semiconductor region of the first
conductivity type, a third semiconductor region of
the second conductivity type, and a fourth semicon-
ductor region of the first conductivity type, the first
semiconductor region being provided on the sub-
strate and separated more from the substrate than the
first semiconductor region of the first semiconductor
layer, the second semiconductor region being pro-
vided on the first semiconductor region, the first
conductivity-type 1mpurity concentration being
lower 1n the second semiconductor region than 1n the
first semiconductor region, the third semiconductor
region being provided on the second semiconductor
region, the fourth semiconductor region being pro-
vided 1n a surface of the third semiconductor region;

a second conductive unit provided on the first semi-

conductor region of the second element, the second
conductive unmit contacting the first semiconductor
region of the second element;

a second msulating film extending 1n a thickness direc-

tion of the second semiconductor layer from a sur-
tace of the fourth semiconductor region of the sec-
ond element to the first semiconductor region of the
second element, the second insulating film being
provided between the fourth semiconductor region
of the second element and the second conductive
unit, between the third semiconductor region of the
second element and the second conductive unit, and
between the second semiconductor region of the
second element and the second conductive unit, a
width of the second insulating film being narrower
than a width of the first insulating film, a length of
the second insulating film in the thickness direction
of the second semiconductor layer being shorter than
a length of the first insulating film in the thickness
direction of the first semiconductor layer;
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a second gate electrode placed at an opposite side of the
third semiconductor region of the second element;
and

a second gate 1nsulator film provided between the third
semiconductor region of the second element and the
second gate electrode.

12. The semiconductor device according to claim 11,

wherein the second element further includes

a fifth semiconductor region of the first conductivity type
provided between the substrate and the first semicon-
ductor region,

a sixth semiconductor region of the second conductivity
type, the sixth semiconductor region being provided
between the fifth semiconductor region and the first
semiconductor region of the second element, and con-
tacting the first semiconductor region of the second
element,

a seventh semiconductor region of the first conductivity
type provided on the fifth semiconductor region, and

an electrode provided on the seventh semiconductor
region and contacting the seventh semiconductor
region.

13. The semiconductor device according to claim 11,

turther comprising:

a third msulating film extending 1n the thickness direction
of the first semiconductor layer from the surface of the
fourth semiconductor region of the first element to the
substrate, the third insulating film being adjacent to the
fourth semiconductor region of the first element, the
third semiconductor region of the first element, the
second semiconductor region of the first element, and
the first semiconductor region of the first element of the
first element; and

a fourth msulating film extending in the thickness direc-
tion of the second semiconductor layer from the surface
of the fourth semiconductor region of the second ele-
ment to the substrate, the fourth insulating film being
adjacent to the fourth semiconductor region of the
second element, the third semiconductor region of the
second element, the second semiconductor region of
the second element, and the first semiconductor region
of the second element.

14. The semiconductor device according to claim 13,

wherein

the first element 1s provided 1n a region surrounded with
the third insulating film or in a region between a
plurality of third insulating films, and

the second element 1s provided 1n a region surrounded
with the fourth insulating film or 1n a region between a
plurality of fourth insulating films.

15. The semiconductor device according to claim 13,

wherein

the width of the first insulating film 1s narrower than a
width of the third mnsulating film,

the length of the first insulating film 1n the thickness
direction of the first semiconductor layer 1s shorter than
a length of the third insulating film in the thickness
direction of the first semiconductor layer,

the width of the second insulating film 1s narrower than a
width of the fourth insulating film, and

the length of the second insulating film 1n the thickness
direction of the second semiconductor layer 1s shorter
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than a length of the fourth insulating film 1n the
thickness direction of the second semiconductor layer.

16. The semiconductor device according to claim 11,
wherein the substrate 1s of the second conductivity type.

17. A semiconductor device, comprising:

a semiconductor layer provided on a substrate, the semi-
conductor layer including a first semiconductor region
of a first conductivity type, a second semiconductor
region of the first conductivity type, a third semicon-
ductor region of a second conductivity type, a fourth
semiconductor region of the first conductivity type, and
a fifth semiconductor region of the first conductivity
type, the first semiconductor region being provided on
the substrate, the second semiconductor region being
provided on the first semiconductor region, a first
conductivity-type 1mpurity concentration being lower
in the second semiconductor region than in the first
semiconductor region, the third semiconductor region
being provided on the second semiconductor region,
the fourth semiconductor region being provided in a
surface of the third semiconductor region, the fifth
semiconductor region being provided between the sub-
strate and the first semiconductor region, the first
conductivity-type impurity concentration being higher
in the fifth semiconductor region than in the second
semiconductor region;

a first conductive unit provided on the first semiconductor
region, the first conductive unit contacting the first
semiconductor region;

a first insulating film extending 1n a thickness direction of
the semiconductor layer from a surface of the fourth
semiconductor region to the substrate, the first insulat-
ing film being adjacent to the fourth semiconductor
region, the third semiconductor region, the second
semiconductor region, and the first semiconductor
region;

a second 1nsulating film extending 1n the thickness direc-
tion of the semiconductor layer from the surface of the
fourth semiconductor region to the fifth semiconductor
region, the second sulating film being provided
between the fourth semiconductor region and the first
conductive unit, between the third semiconductor
region and the first conductive unit, and between the
second semiconductor region and the first conductive
unit;

a gate electrode placed at an opposite side of the third
semiconductor region; and

a gate insulator film provided between the third semicon-
ductor region and the gate electrode.

18. The semiconductor device according to claim 17,
wherein the first semiconductor region, the second semicon-
ductor region, the third semiconductor region, the fourth
semiconductor region, the fifth semiconductor region, the
second insulating film, and the first conductive unit are
provided 1n a region surrounded with the first insulating film
or 1n a region between a plurality of first insulating films.

19. The semiconductor device according to claim 17,
wherein a side surface of the fifth semiconductor region 1s
separated from a side surface of the first insulating film.

20. The semiconductor device according to claim 17,
wherein the substrate 1s of the second conductivity type.
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